ABSTRACT PURPOSE: To demonstrate the irreversible poisoning action of the acetone cyanohydrin (AC) in malignant cells.
Introduction
Cancer study is being conducted by numerous scientists around the world and their findings in oncology make it one of the greatest and most rapidly evolving areas in modern medicine, causing great technological advances and a growing understanding of what cancer is.
Although cancer has many heterogeneous characteristics, malignant tumors have developed a feature which causes them to grow beyond the imposed limits of the regular cells. The clonal expansion of a transformed cell depends on its uncontrolled proliferative capacity and an increasing inability to die by apoptosis. Therefore, even though there is a great variety of cancer types, evidence has shown that resistance to apoptosis is one of the most remarking characteristics of the majority of malignant tumors¹.
A feature of neoplastic cells is a complete lack of Cystationase (CST) activity, while cysteine aminotransferase, 3-mercaptopyruvate sulfurtransferase (MpST) e rhodanese activity is only residual. As a result, the biosynthesis and transport of compounds from the sulfane sulfur set do not occur in these cells.
Toohey suggests that the uncontrolled proliferation of neoplastic cells is a result of the deficiency of sulfane sulfur and hyperactivity of these enzimes, which would be inhibited in regular cells by that active form of sulfur 2, 3 .
The term sulfane sulfur refers to the set of compounds that contain one sulfur atom covalently bonded to another reduced sulfur atom. Proteins associated to sulfur, bonded sulfur and refer to specific compounds with sulfane sulfur. Thus, sulfane sulfur should not be used to relate to any of the terms mentioned above 3, 4 .
Sulfane Sulfur is generated from various metabolic pathways already described, and it is common to find carrier proteins with the ability to stabilize and transport it. Compounds that contain sulfane sulfur are able to regulate the activity of several enzymes and also have antioxidant properties. This deficiency in the anaerobic metabolism of sulfur is related to neoplastic processes, viral infections and immunodeficiency,
suggesting that the sulfane sulfur may exert a regulatory function in cells by modifying the -SH groups and this high activity and short half-life characteristics make it an efficient regulator 4 .
Currently, there are some reviews in the literature carrying hours cell viability tests were performed and the percentage of growth inhibition (PGI) was determined, and this procedure was repeated twice in duplicate.
To check significant differences among groups, the results were analyzed with one-way ANOVA followed by Tukey's multiple comparison test. The significance level was 5% (p <0.05).
Results

In vitro experiment
The AC intraperitoneal administration at dose of 1,864 and 2,796 mg/kg body weight led to a reduction in tumor volume and viable cell count of tumor-bearing mice compared to control mice EAT (Table 1) . In ACG1, only one animal showed no ascites at the end of 15 days, not presenting tumor cells after peritoneal wash with saline. In ACG2, two animals showed ascites and after the wash showed no peritoneal tumor cell counting. In the CG, all animals developed ascites and showed viable cells counting.
With the results shown in Figure 1 , concerning the percentage of inhibition of EAT cell growth after treatment with AC, it was found that doses of AC used showed the same pattern, where the inhibition was dose-and time-dependent. The evaluation of the inhibition of the AC showed no signifi cant difference between the three doses, 0.5, 1 and 2 mg / mL, 24 hours after reaching 89.47, 92.11 and 94.74% respectively.
Sulfane sulfur defi ciency in malignant cells, increasing the inhibiting action of acetone cyanohydrin in tumor growth
Discussion
The use of Acetone cyanohydrin was motivated by the fact that its action in the organism is similar to its molar equivalent of cyanide . For example, the intraperitoneal lethal dose (LD50) in mice to Acetone cyanohydrin is equivalent to 2.65 mg of cyanide ion/kg which is similar to that of sodium cyanide which is 2.54 mg/kg cyanide ion and has an average fi ve minute-time to death for the two compounds. The LD50 of acetone cyanohydrin is 8.5 mg/kg weigh 8, 9 . In this experiment we used doses under the lethal values, 1.864 and 2.796 mg of acetone cyanohydrin/Kg.
The tumor inhibition without causing acute poisoning in animals was only possible due to cyanide act promoting the inhibition of cytochrome C oxidase, an enzyme directly involved in mitochondrial respiration, thus promoting a decrease in ATP levels and resulting in cellular injury or establishing cell death, depending on its concentration 8, 10 . However, due to unavoidable exposure to cyanide, living organisms have developed a selfdefense mechanism by conversion of cyanide to thiocyanate by the transfer of sulfur from the sulfane sulfur group (sulfur donors) for the cyanide by the rhodanese mitochondrial enzyme 10, 11 . A feature present in cancer cells is the residual activity of rhodanese 12 , due to a defi ciency of sulfane sulfur, which makes transport and biosynthesis of sulfur from sulfane not occur satisfactorily in such cells. This suggests that the uncontrolled proliferation of cancer cells is a result of defi ciency of this compound, and that this active form of sulfur promotes inhibition of regular cell proliferation 13, 14 .
The sulfane sulfur is generated from multiple metabolic proportionally to the concentration of linamarin [17] [18] [19] [20] .
Evidence observed in the present study suggests that the selective action of cyanide is due to a defi ciency in its elimination, which is observed in tumor cells as widely discussed in the literature. We believe that further studies are necessary before it is possible to fully understand the mechanism of action involved in the process.
Conclusions
Acetone cyanohydrin, through its molar equivalent of cyanide, was able to promote a reduction in tumor volume, a decrease in the total number of tumor cells, as well as prevent tumor development in 20% of the treated animals. In the experiment the acetone cyanohydrin presented a dose and time dependent action.
